Abstract. The human factors approach relies on understanding the properties of human capability and limitations under various conditions and the application of that knowledge in designing and developing safe systems. Following the principles of MTO (Man Technology Organization) approach, emphasis should be given to the way people interact with technical as well as organizational systems. A model describing human factor influences in relation to the performance shaping factors and their effect on the manual ultrasonic inspection performance had been built and a part of it empirically tested. The experimental task involved repeated inspection of 18 flaws according to the standard procedure under no, middle and high time pressure. Stress coping strategies, mental workload of the task, stress reaction and organizational factors have been measured. The results have shown that time pressure, mental workload and experience influence the quality of the inspection performance. Organizational factors and their influence on the inspection results were rated as important by the operators. However, further research is necessary into the effects of stress.
Introduction
The problem of varying performance in Non-Destructive Testing (NDT) has typically been approached by improving the equipment used and by changing the procedures; but very few resources have been invested on research in the human factor field. However, largest source of performance variation can be found in an operator. After all, it is the operators who interpret the signals provided by the equipment [2] . Therefore, in order to better understand the process of the NDT inspection, and through this, how to improve NDT reliability, the impact and the importance of human factors needs to be addressed.
In order for an inspection to be reliable the whole system, as well as its parts, needs to be reliable (equipment, procedure and personnel). Researches have shown (i.e. Wheeler et.al. 1986; Taylor et.al. 1989; Swets, 1996 ; in [2] ) that even after controlling the equipment, the procedures, and formal qualification of the operators, the quality of NDT to a high degree depends on the personal qualities of the operator performing the inspection. Performance varies even if the inspection is mechanized. Factors that shape human performance (Performance Shaping Factors, PSF) include environmental conditions, protective clothing, time stress, organizational structure, knowledge and skills and personal work habits and attitudes [6] .
The human factors approach relies on understanding the properties of human capability and limitations under various conditions and the application of that knowledge in designing and developing safe systems [2] . In the attempt to define human factors during manual ultrasonic in-service inspection (ISI) in German nuclear power plants a human factors model had been built. Operators' individual differences in visual perception, stress resistance and decision making, as well as the influence of the social environment, experience, physical and organizational working environment are covered with the proposed model. Part of the model had been experimentally tested and the methodology and the results of that experiment will be described in this paper.
Human Factors Model
Combining the knowledge from the existing literature with the knowledge of the experts in the fields of non-destructive testing, ultrasonic testing and work and organizational psychology, a scientific model ( Figure 1 ) had been built. The model was built in the tradition of the Socio-Technical Systems Approach (STSA) according to which any organization or any work system is composed of technical as well as social (human) elements. In consequence, optimal system outputs (performance, productivity, creativity, safety, product quality etc.) can only be expected under conditions where technical and social system components are optimally interrelated [10] . Figure 1 shows the hypothetical relationships among the proposed variables and the direction of the influences among them. In this model, four sets of variables 1 can be distinguished: 1) influencing variables 2) outcome variables, 3) influencing-outcome variables (variables which can be both influencing and outcome variables) and 4) moderator variables (qualitative or quantitative variable that affects the direction and/or the strength of the relation between the influencing and outcome variables).
The influencing variables are: cognitive processes (e.g. decision making, information processing, etc.), visual perception, stress resistance (the way people cope with stress), social feedback and the previous experience and qualification. These variables have and their effect on the manual ultrasonic inspection performance a direct effect on the outcome variable, in this case -the inspection performance. However, this relationship can be moderated by the used technology, organizational (e.g. time pressure, working hours, etc) and physical working conditions (e.g. radiation, heat, noise, etc.). In other words, the type of the device used, high time pressure, long working hours, loud working environment and/or high room temperature might cause a variation in how the influencing variables affect the performance -either improving or worsening its quality. These factors shape the human performance. Technology, physical and organizational working conditions have an affect on the mental workload (defined as the "cost incurred by human operators to achieve a specific level of performance" [5] ). It is assumed that the working conditions and technology create load to the task which then affects the performance. This effect can go in two directions: if the mental workload is increased, a person can feel stressed (stress reaction -a reaction to the demands of the environment which appear to be higher than a person can handle with current resources) and therefore perform poorly. On the other hand, when the conditions are satisfactory, the mental workload is low; a person is then satisfied and performs optimally (satisfaction). Stress reaction and satisfaction are assumed to be both influencing and outcome variables -they can be a result of variations in the influencing variables, but also have an influence on the quality of the inspection performance.
The entire model is highly dependent on the organizational context of every plant separately with its own operating procedures, management, industrial relations, etc.
After the conceptual setting of the human factor model, it needed to be empirically tested. Within the human factor project SR2514 sponsored by the German's Federal Office for Radiation Protection (Bundesamt für Strahlenschutz, BfS), on the human factor influences during ISI in nuclear power plants, a part of the model had been tested ( Figure  2 ). The project aimed to focus on the working conditions and ways of optimizing them, and time pressure was chosen as the condition to be varied and tested. It was hypothesized that time pressure increases the mental workload, and the stress level respectively and therewith affects the quality of the inspection performance. Additionally, organizational context and experience of the operators were taken into consideration. 
Method

Participants
Ten manual ultrasonic operators participated in the experiment. All operators were male with the average age of 47.9 years (standard deviation σ = 8.6) and level 2 qualification for UT. Average experience of the sample counts a) 21.4 years in NDT (range 3-35), b) 14.3 years in UT (range 2-28) and c) 11.5 years in UT in nuclear power plants (range 2-22).
Procedure
The inspection task was to identify 18 flaws situated on a mock up of a reactor pressure vessel and 9 austenitic test-pieces, according to the standard procedure, and to determine the flaws' position, extension, depth, and the signal amplitude. The approximate positions of the flaws were known to the operators. All flaws, with one exception (volumetric flaw), were cracks or notches at or close to the inner surface. The inspection was performed from the outer surface. During two consecutive weeks, all of the inspection areas were to be inspected by each operator three times -under no, middle and high time pressure. To avoid the effect of learning, the order of execution of all three experimental conditions was varied (e.g. A-B-C, C-A-B, B-A-C, etc.). However, due to the small number of operators and organizational issues of having several operators at the test-site simultaneously, the experimental design was not fully balanced -the order B-A-C was missing, and the number of the operators in each order of execution was not balanced (sometimes three operators, sometimes only one). The flaws to be inspected were organized into 4 inspection areas, whose order was randomized for the same reason as mentioned above.
During the course of the experiment, the operators were supervised by the experimental team, as well as by the UT level 3 personnel. Before the beginning of the experiment, the operators took part in a demonstration task in which they were supposed to complete the entire task on a demonstration test-block, to show they understood the procedure.
Instruments
To avoid problems of unfamiliarity and to ensure the inspections are performed in their usual way, operators used their own ultrasonic devices and probes. Although technology was not controlled, it was assumed that the used equipment would not create additional variations in the inspection results.
During the course of the experiment, the operators were asked to fill out several questionnaires. To measure the variables from the model (see Table 1 ), the following psychological instruments were chosen (see Table 1 for the used instruments and their order of application): Org, factors contributing to a possible event 1x
At the end of the experiment
Within the NASA Task Load Index scale, item No.3 "Temporal Demand" ("How hurried or rushed was the pace of the task?") was taken in consideration as an additional variable, besides mental workload. This variable was then used as a measure of perceived time pressure, also divided in three levels: no, middle and highly perceived time pressure.
As a measure of the inspection quality, the scattering of the results was chosen. Larger scattering corresponds to lower measurement precision. In this paper we present the scattering of these three variables: the amplitude, the position in the transverse direction to the flaw extension and the depth. Table 2 shows the expected effects of the measured variables on the scattering of the three output variables. 
Results
To investigate whether the inspection quality (i.e. scattering) is affected by the time pressure (i.e. experimental condition, temporal demand), experience, stress resistance, stress reaction and mental workload, a general linear model (GLM) [11] was used. To see whether there are differences between different levels of the measured influencing variables they needed to be divided into categories (see Table 2 ). The GLM was run for each category separately. The measure of the scattering was the mean square of the error.
The results show significant effects of temporal demand and mental workload on the scattering of the amplitude, position in the transverse direction (here marked as ydirection) and depth, as well as significant effects of experience on the scattering of the amplitude and depth.
Temporal demand, as a measure of perceived time pressure, was shown to have an effect on the inspection quality: with higher temporal demand the scattering increases (Figure 3) . Scattering of all three variables also increases with mental workload (Figure 4 ). Figure 5 shows the significant effect of experience on the scattering of the amplitude and depth: more experienced operators have less scatter in their measurements.
When asked about potential organizational factors that might have affected their inspection performance, the operators indicated that the careful planning, good preparation of the tasks and understandable instructions play a big role during the inspections. 
Discussion
Contradictory to the expectation that the given time to perform a task (experimental condition) affects the quality of the inspection performance, the effect was not found to be statistically significant. However, when the operators perceived that they were under time pressure (measured by the "temporal demand" item), the effect was significant. This leads to the conclusion that time pressure is more complex than first thought of. First, felt time pressure differs between different operators; second, time pressure conditions need to be more carefully designed; and third, perception of time pressure does not only occur as a result of limitations in time to perform a task, but it rather stems from a series of different factors, such as organizational pressure, heat, noise, radiation etc. The fact that mental workload affects the performance negatively was confirmed. But it was not confirmed that stress mediates this relationship, or that stress has an influence on the inspection performance. This is contrary to the findings in the literature [3] which suggests that while minor stress facilitates, larger amounts of pressure lead to decrements in the performance. One explanation might be that the pressure was not high enough, and the other that it resulted from methodological problems, such as not well defined experimental conditions (time pressure too low), different group dynamics between different teams of operators (one group being faster than the other), sample too small (leads to problems of statistical nature), organizational issues (anonymity, misunderstanding of the requirements, communication) etc.
Stress resistance has shown no statistical effects most likely due to a small sample (only 10 values). Stress reaction was measured after each experimental condition, so that it is closely linked to it. If there was no significant effect of the experimental condition, an effect of stress reaction is also not to be expected.
Results from the questionnaire on the organizational factors and simple observation confirm to a certain extent the suspicion that preparation and communication during the experiment play a big role. Importance of a well written procedure, understandable protocols, qualified supervision and demonstration task was observed and acknowledged.
Although the model was not confirmed entirely, the hypotheses can not be with certainty rejected. Repeating the experiment with a larger number of operators and a balanced design, avoiding currently encountered problems, or retesting the model is recommended.
As a result of this work and in cooperation with the German technical service providers TÜV Nord & TÜV Süd, some suggestions for an update of the German norm for NDT in nuclear power plants (KTA 3201.4 and 3211.4) were formulated: -Inspectors should be well prepared for the specific inspection task. They should train on a test block and demonstrate their ability in a test. -A broadening of the responsibilities of the supervisors is recommended. It should guarantee that the working conditions (time pressure, temperature, noise, radiation) are adequate to minimize the negative effects on the inspection quality. -It is recommended that an in-service inspection (performed not only by ultrasonic method, but also with other methods) is performed by two inspectors independently (4-eye-principle).
Conclusions
Time pressure, as one of the working conditions surrounding the operators during ISI in nuclear power plants, has shown to have an effect on the quality of manual ultrasonic testing, decreasing its quality. Higher demands of the task create mental workload which negatively affects the performance. With experience, the operators learn to compensate these problems and vary in their measurements less than the less experienced ones. Organization of the working schedule, communication with the operators, well-written procedures, qualified supervision and a demonstration task all show positive influences on the operators.
